(19) a *@#8Ff? ( J p ) 



#1^1 O- 3 0 3 3 7 8 

(43)^B§ B ?filcl 0^ ( 1 9 9 8 ) 1 1 £ 1 3 B 



(51) Ini. CI. 

H01L 27/10 
Gl 1C 11/22 

11/56 
HOIL 21/8247 

29/788 



451 



F I 

HOIL 27/10 
Gl 1C 11/22 
1 1/56 
HOIL 29/78 
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371 



&&m& 3 ol (^i6i) mmK\zm< 



(22) £11 85 B 



#i^9-301 144 



5F^9^ ( 1 9 9 7 ) 10M31S 



<31)e&«£»# 1 9 9 6 P 5 1 8 6 2 

(32) S5tS 1996^10^310 

(33) ffiflc*g3£©@ &® ( K R ) 



(71)tti85A 390019839 

*»sa]ec»ii7icjRmAaK«»iRi 4 i 6 

0 # tfe Ift7/t-h2l0ttl 4 0 3 f 
(74) ft S! A ftM± /MF Eb£|| (^l€n> 



(57) 

[ ft? & ^ nn ift««*i^fc^ 'J * * * s a ft * 

> \Z± )VWiVim<D h 5 > & * * * & * z t \Z * Q * 
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[ & # J£ 2 ] eti IS w ® * 

rd t* *y b ^ < > £ u r m> ^ c t £ & ® £ -t * * a? # 
?i 2 x « # m 3 c is tR <z> m n m. m «r h ^ fc v 1 j * * 



7 t ^ ^ t U . 

(b) filjiBT^m^*^^^^ 00 ^®^^^^^^^ 

(c) flaaa^asnfc^^'J-fe^^^^^®^^*^^ 



7<>tUT, ifFE«JB© Jiastt«*ffitSU "7 — I 4 
'J . 

5^ifi]oxh7-f ^tfcc®dELT-t©* *aaaa 7-H7 

ffiV^T MJ 7^^M^IS^i^t^7>^A7 f-feX 
* ^ U . 

lffi#Sil2j (a) ¥*3#S&©_h!Sgi5 tc -FfiR«« 

(b) rtfffi*£ttJs^»fi£stifc*«?fra«Jio ^bsc^ 
(d) fiiB * ^ u -tr^^^^j $ nfcssiBicsii m 

< f ) flfiE±BB««3&«»ai«nfca:rai:fl&EJbafffltt«* t 

50 Sft*«fc3K£-f>F«:j8l5K-r£iaP&£, 
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:i: ^ a tt5, «8 ia«8S^ffl^&^ h 'J * 

mxm i 2 ce*®** 1 **** 11 *^ h u ,y * * 

[ 0 0 0 1 ] 

£ . 

[ 0 0 0 2 ] 

6i***it^«. »#*wt3^--tt-O<D**0IHI 
[ 0 0 0 3 ] z©j:5ce*##*T*c**Hrii:-r« 

* LTJIU* 

T (polar ixal ion) D **** fc ****** * 

*. co^fcatt**©********** U 
»«tt»***Uir**Ktt- -*©«****»*#* 

mfife. EP^ D R O (Destrucl rive Read OuD^ttt. 

Ete^«*Utt^#**W*«S, BPtiNDRCXXoo Des 
truclrive Read Oul) * ffi * * . *»****'<->* 

U (OaftffifilCfff'J-e**. 7 A h a > (Ran. iron) 
O 1 T - 1 C F R AM«)ft»*Stt««W*»fl)fta« 
&«Tf*0< 7-/7>^r^ / Py-(Radianl Technol 



10 



20 



ogies)ttCDS FRAM^>n — A (Rohm)*h«)M F M I S (n 
e ta l-f erroe I ec t r i c-me tal-in$ulator-Si)0>t&fi-:#:c£te 

«*©iHBfc£££#*^£*frtt , ? tt fc Vi - 
[0 0 0. 4] * fc • #Hi5fc£J*3i"e***^u* fiP t> £ 

tUTtt, v K 9 (Shi bat a) (O 4 53 ^ h y > *J * 2 (4 t 
erniinat transistor) £ W H ffl h 7 > X * ( n e u ron M0 
SFET) Rt*-f ■> 7 7 (Ishiwara)<Dg&#*< y ^ > ^ (Par 
tial switching) C «fc * M F S FET«»**. 
"C , y A*^ 0 4 b 7 > '/^ ^ t Wgffl h 7 > *>* X ^ 

<Z> ©j f£ El S £ S 1 Fj^.m 5 i#!Hl/TllWt5. 
[ 0 0 0 5 ] flAli. ^-f*-K (B*tfr> 2 ig^ 

0 . 0 2l:*bfc ( t^^-^^7 I -^tT5 F ETH 
4 iS^3§^T<5*. 3 *S^$*Rtf 4 iS^35^ 

ttV — X (S) &tfFU<> (D) *IL. 3 iSS^*^ 

^-r>^y-h ( g ) £*r-r* tetter, 4^^^^« 
cd y — h ( g . . g s ) **rr*t^*ic«r«*«* 

-5. £ tl & Olfj^^tt jBI 0 T&S. 

[0006] V-X - >M«)«E (Vdi : ~F . 

"HK>tE" £ ^ o ) — 5£<£>$£l::*5 H X , y — 
hmEE ( V G 9> Z> Vi V c , £l V e i CD££€£E) J& C S 
3 aa^iR^lfctf 4 «H^F*^IC ft * 8BEtl5 V - ^ - HH 
(ID :UT, " " H U -f > flISK* tv» -5 ) ©4*tt 



)5:4*ttrilHft«rWTSKffi, 4 » ^ % ^ B V c , M £E <*> « *P 
30 lc«UT**kffl©4#tttfl»«:Wr*. 

[0007] Z. <D & ? £z F U-f > mm ( I D ) <7>te1££ 

3 58 * # ^ tot . 0 3i;^LfcJ:^ i:^ V„s 

^fiaium^tTy- h ma (vg> ©«aii:iButHH 

> ffl 8it 3ft« i8 JUP T 5 <t "5 «t ^ . 43S^iMi, ^4IC^ 

^ J; ^ \Z U Z ifi* «2y-Hff (V.:) © *© *DC« U 
40 T J t©lflftl«**Hl-^:*<S:*- 

[ 0 0 0 8 ] C<D£?te, 4 SB^ft^O F U 

Lfci^ftttftlHMOS b 7 > v X 9 (neuron M0SFET : 
U^T> i/MOStl81-5) -C**. J: ^ )CC ««»»M 
OS r-^V^X^ttffjfiy— H€»i3tLTnffii«>^ffly 

<i^«EE*«PP3»Sn*l«r. V,,©BS^tffi^^T5 vM 
OStt, 

4>F= (CI VI + C2 V2 + »• + C b V n) / C t «t > 
50 V , i 
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[ 0 0 0 9 1 l / jj»L«t^&, :©J;^yA^©4«f 
3&t»56ttT**«m*«*0, -f^7®MFS FET 

[00103 

09 jO* & £ . 
[0011] 

@ £ si <s u r t* *y h70^^)«^ i& e ia h © ± » « 

[0012] * IB W tw 43 t> T , ffl E 8* JB tt , S£ « t , #f 

wex hM^^^TSiti^^ot * 
[0013] *fc. rafioawsarifrsfc^i-^sRw 

5>^A7^t^^ , J©»fi*Stt. (a) S « _b IC 

m h^-r yiKTJBfc-r (b) airET8R« 

^^IT&^ O/tUt^^^fiKt^SSt. (c) (ft 

(d) fi9ffiC?-f >HS5»*««He)ttT6n* J: ^ IC* 
«tt«Rt««LTlKiaJ:»««t»«i**' fill ffi s« « 
$nfc©ttttttH£flfrETS5ffi«£X£T*3*ffiI©* H 
7>f^ttT/^-r>i r l/t7-H7'f > £ Jf£ T * & 



[0014] cct, iti£<z> s eg £a«f * k*« 

i£5iBI«*7 >5^A7 ^ -fe A ^ * y tt, * tfc «l S£ ttMC <fc 
10 [00 1 5] $e>lC, * » TO 1C *$ lf> T , ft £ IS JB M: . ffl 

ea«±ic«ja sn^^i^jst. uusfc®^ m -test 
niz&mmftm mm^imm^m±\zmm & nr~ jtss 

[ooi63 *fc, f(rE©@w&iijfcT*fc«>t-#«iB 

20 ^Stm^7>^AT^-tiX^ ; E:UOSJig^^^. (a) 
&l&jg£^f£TSi£ra£:* (b) 8&E*£tt)3 3&*ffi*fifc**i 
m*&r$L-? (c) ffirE««#BJi«> ^ pBt;^ 

&tf*&81Btt©£^/£b*:&* raE®tatfe* BH M 



(f)!ftEJil»fll«^^>ffllS*lfcS:IW*=WEJiSB5m«^ 
40 T & • 

[ 0 0 1 7 ] S & IC, ^%WI**5V^T,6flE (c) ®m 
[0018] 

■ A^^-fe^^^y&MfwWttKciRWtft. *5fiWCJ:4 
ytt*58M*«>5tWBlJ=BBS5$nfc»n«8S«:-ra'V»fc9ft 
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[0019] S: r . / t'J«#ttt/H4, H6i:*Ufc 

[ 0 0 2 0 ] cc-C. fl ^etth7>y^^^-^ 
ftlfcHlfc-r ct 5 d Jfc * - !£fa#Jg 4 © 

£VT&®mftzm&®^* c t* 3 '? 1 * **** ntu** 

3£ TO CD * =£ U T tt ft & & s & & ^ e» * * - * 
BP*, tt&tti*** mffi (Vo) *fctt 

ms. ( v d ) c*s *t *»*asfc (id s 

<, ftttfett (Vo) 

(ID tf/h* < "fi'J^" « IE (V d) iC:fett*SB*l* 



8 i:^ itct o i; v o ( = v w + v b ) tc^O. 

" gij Bfc ' » £ tt; B 9 »C U «fc ? K V d ( = V e + V 
b) £ & S <fc 3 £ . f >v Hyi' >lC^tE ( - V b ) £ 
SIS, " & & " l$i:tt7-FH>tt*;h 
7-f >i:^^0i il:Sl/fcJ;^«llovw&tf-v 
b©^E£ePiJO~rnfcf, H8i:*LfcJ:KFET©I 

> * j*i m ffi n (isnfatfc i o«ai 

10 >l:ft*Bl 3i:/TltJ:5ft»»OVe&^-VbO 
SfE (ID) IC«fc 0 jffitB^ ^ > *^«fi**iaf A*_ta5(ri* 

F E T -5. Vd©SUjni§, int^Wl^^ 

[o 0 2 3] — a 1 o^pn^sa^fflvi^i^^^^ 
>^u-fe^oastffl«p(c«n*«a (i) co^f^ttti«a"c^ 

> II g 1 2RtfBl 4 i:^LfcJ;o^^ll[itlEV g&t; 

v r $ ttSBt "ffJRfc" ttfi®/€»J t;n:ft* 

jta -r n , ttflgTaai n:*Lfcj;7&^ 

^ft^-H^-TV^E (Vw) OWSlCJEUrFET© 

-hiEv g o^»i:^i;TFETirt>' « ie k & 



U «fc 5 13 , y y * \) > # WL\ft (tunnel ing era issio 
n) , a y h + — AfctH (Scholtky emission) 7 — )l 
- 7 U > <r )V ML tU (Po° 1 "Frenke 1 emission) CD igC S £ ffi 
^T^+V*^©^*^**^****®^** 15 

*. *a«#©iBn«*tt mffi (vd) oB#gim 

100 2 1] ffi£©j:3fc »**«©«** 'J 

[ 0 0 2 2 ] ^8 9 «: W , W © «fc ^ I- ^ * 



30 '^JE (Ve) © Bi in JSE UT»A«fi*»inr^SStiS# 
^w^* — ©TW««fcgt!»Ufcttlfi&«>"e* y-K 
«SVg^BHnd*iTfeFET ©Mft >*m: ti W 

JKa#*« + ^t^«StlT^&^fc«6C, F E T ti " ^" 

^t^sfe) o 

[ 0 0 2 4 ] ^(C, F ET©lfiU#I^^§«^ 4 
hf y h7-f >J^ffilftSnfctt!fiTy-h«ffi (Vg) 1* 

40 jg©iSBnffi«teSffl^fc«ttmft^*UC9JKiBiSflc*ttfl6 
SMffit^ft^afe* U ;U © ffl Rfe«£E *ffi W T * ^® 
$^ilt^JiX$n^. EPS, 0 i 5t;^U/r «t 
(negative) A Jl^Xtffi t t y>7'f >i:3» O T. Hi 

[0025] g| 1 5 CO (A) »B1 llCSl/t«t ^ftS^ 
"0* O^SS^^It^t^C^-H^^VZit^e'yK 

-5 IC ^ L ^: © "C ^ O . mi 5 © (B) \tm I 3 ?i'< U ^ 
50 «fc 5 & "fflf&* €K© JK^ ^^«6<tt fc <D t? ^ O , & 
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0 1 5i:^U:J:9 & t£ £ SB S? T * *6 (;: t: h 

7 *f > c p U- ^ ;u <z> & ;u * sie © ft an i$ £ m * c -r 
* # a . flj-&£*»fc*'^i'*«s©ft> , *Ji'*Sffi*Bi*n 

[0026] SI 7 «ey h7< >C^*ftft*I/^^ 

t«i^ * ^ u t * © -c & * . * fc . s i s \*m mm m 

>yX^f t>^JH»«*^^^^^' IP 5 IM Wr M © fi 
[0 0 2 7].1ffijfc©<fc5fc#?EW©»n«SI£JB^fc£ 

©fc«c><o^na^^u-t^«>s*«iitt* * m @ a ic <t o 

M 2g $ *l fc F D R AM^ND F RAMtlij«J^t^$:jK 
mS-a-**A»w*JV»i:JI«:«. FDRAM^ND 
F RAMTfUf t >^;H^©ft3KflHHfSrtt«tt-r*fc*l= 

X*£JfcaUTO>«^**»W©*^UTtt»tttt*fc 



tt & si fltt* $ jj m r z » sft tcri ^ r -r >t . 

»IJ<Dffl&h7>S? ****** 

T^ife^fb^n^. 7 ^ *;> -> ^ * ^ U & -5 ^ E E P R 
<y -> a ;* * U tt h > * ^ ^ > ^ ® *fc © * " # J * t5 

<o a -c * s . a* £ h > * ^ > ^ © * k « v d ± 

U — ^ > (breakdown) *«»5S$nT, © 0 <fr Br 
35 E3 W T C & -5 © ffi W T * * . # Sf£ 81 (* h > * U 

9j ISfei^ pg * !« ffi * * ® ® ® ® *• * * ffl n tf 11 
[0 0 2 8] — # . tfi£©J:5fcflBn^8tt£;HHfc3ftft 
ib* «& -5 £ fin € & 52 £ T 5 - C*iW:lftiftffij&*jSS3s*fS£J£ 

-t ^ © at & a< #5 £ * & £ y - HS5«s«i*ft^titfat 



10 

? © -c , v-x&tfr ; u<>a*£#£®t&fc«£t&©fa 

[ 0 0 2 9 ] C©J:5 <t5fitt«»+ir/t->^ — 30*y- h 
©±&lcj#i££*i*cr£:lC<fcO, /t'JOl^^^IT 

io £ ti 3 „ :ct^tJ;7i:, # % Wic <fc ^> zSJ tt 31 tft 

7>^^^fcJ:03^$ti«. MAtt> 7 — H ^ > 21 
^b7>yX^SWli:T9-H70Wl ^rj§14RLt* 
•y h7< >iHih7>yX^SB2i:J;0f7 b 7 -f > 

JI/2. lA«m^$nTBfif^T^o It^i^^^^^Ut 
JUfl © Sft fls K S! H . ^2 0 A7iS02OFi:^ UfciflO 

t**. cntet£*©&^©fe©j#&tl£g! e<j i- nn- 



0 F»i#^r/^^^-^^Uir;ug{*:T^jX^^-=>^m^ 

[ 0 0 3 0 ] cntit£^CO^%T^«ilCKi^ U T 

[o o 3 i] ^2 i scz^m 2 z \tmti%wt* m ^ff? 

40 hw&z>* c:i3TJ:ai:, mi ^JSI^J w 1 o 
0±t:f7 h70Cft«xh7-f ^UiOT6l5ti l l 

&KJt. *<d ±.\zm&<t® 1 2, 1 3, & 

^fHllC#fe&^)Hl 7£iis£>ftTfc&, tftETSB«a« 1 1 
tX^t5^[fil<O^H7<7*«5)7-( ; 7< > 1 6£JE2 

50 [0032] A(| JE © «fc -5 tS 1 ^j^^l©^^ U * ©ifiT 
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B2 3C*l/fc^l- Ifel00O±i:TSiS ( t* 

* t— B2 4 Lfc*3 t*^h 
eicstfci^c, t;^ h^-f > (T»*«) lit* 

[0033] 8 2 7liB190Vh'JynS*ift» 

m^^^'Jli, TSP^S^^^ 0 IC&fifcJB (diffusion lay 
er) t^fc £ <h £ m-XV>®& t r *. HPS. ^2^M 

fflo&ttH2i*^i«^< mmft&±&wi~mtt i<rm 

igftm 2 2 £ JBlfc U iftfE&tStJS 2 1 *« JB fifc * *i fc 

*-«±0»*#H 2 2 ©±Kl#Jtty- h (WttttfflB 

m v . an -si x k ^ ^ ^ <° ss-ffi-H-.ii.-c - 3£.fcMJH."c» $j 

— 2-£ T --ftr-^-^-ij -fe ;U — *-0-ii.a5-lw.fla.e.t£-tt.lH-2._ 
1 fc S^lflC* ^tt©?- HH>26* 

Mf&TZ. dC-t?, *&fi£®#Jl 2 4 *i*-©±gfl3;T&fc 
nt«6»«jK2 7 i:J:0^i$n, &&^&24£8m 
$ «>-f > F 3 0 £M L T ii SfS ^ & £ ftS £ n •£> . tff 

^ 7 <>H40^M^T'7-K^<>2 6i:^®-r^ 

i ^ I; /j; ^ t ^ S o 
CO 0 3 4 ] ^^SfllJa©® 2 U £$J£iT 

|28I^Lf:^i:< fi« 2 0 0 <D±H»CT»«« 
(ty h7-f » flJ0Dl(;ftH2 l^Xh?^ ^ttT»filE 
T * . #C K , @2 9tC^U/z<fc^tC J£»H2 1*«»liK 

2 2 £*f2fi£T*. W*tt*Rt*»*#* 

^^^rsic^^bT^^s^en^2 3&tf&s§m#if2 
a, ^sjffiiHjtzStta®*® 2 4 * ^ «w»att 

n -5 <fc 5 ii . g30i:*ttctoi:. -t JU»J »HPJ S 

51=. ±a««2 stfWfc***^ 



-f > 2 6iiify h7^f >=&^fiJt-r^g9£x h =y -f 7#© 

2 1 £ £ ^ T £ X h^<^ttOtt«*» e»i^fi)t^tl 



[0035] B32liBl 9 ©7 h U y ^ X S^iltttt 
«fc#**y©Jf§32£j|fe09**LfcBiiiT&*. C © 25 
3^^^J«^ S^UfcJ:^tr, ffS 2 SllfeW© * ^ 'J TR 

C CC-C, SS 2 fc H — # # IS » 

i 9 o ■? h u ? xm&mm i &&nft* : £ u coss 4 suae 

« £ a* I, & . £ ©!8 4 HMfll N U < . 

Lfc<fc?K. SB 2 ^jfcflfl© .* U -C8$frSLZ£3ft 

CCT. ffS 2 ^J£#J <h — a^MSStttt — fcfcH 
£: £: ^ T „ 

[0036] ^U, |34tt019O7h'J^nS 

* . C0^5iMfiaJfcNC<, H * U fc «t ^ SB 2 2? 

t iia — & # sa a* *r t* h — £4fcK**&#fiJE**ifc c £ £ ^< 

[_0_0_3__7_] 



[ S£ $ © #1 ^ ] U ± * a* fc «fc -5 £ ♦ *5fiSHJw«t*«8n 

soTiMiiE^i*^:^^^ affix® 3&*fffi*«c© 
[o 0 3 si Afcwiw. y-h©»sj»y- h isia©Jt 
40 ft. ^^t^i^t'^lfi^i:xyf>n5C t^tt 

^ •> ^ — © ift S * » * & *l * fiifr * S . 3:*^ * 

t/t'>^-tt^hu v^^sn?»fiS£*n*©"c h ^ > 

A? 0&&mtbZ> C £&-C2 %>o frO* CCD ^> h 
U y ^XS+t^v'^" K *5 V* T fi , ^DX h — ^ S ^ 



( 8 ) 



10-3 O 3378 



13 



14 



[0 1] tt*©3M^^>5 ; ** <0 E | **tf* f - h « 

EE IC JS U * K l"f > mtfc<D¥r&&&-? & * • 

[g|2] ft 3 fe©4ffl^^>^** <oa ^* tf * , ~" h ® 

[S3] S£3feO)3^^^^45S^h7>vX^<Oie^& 

[04] ttifccaia^&^^iaf h7>yx^©Ef& 

[06] t£&(D&ftiC<fc£&a^tt*^ l J^^^^®^ 
[07] El 6 \zm L. * U -fc ;P £ f& T * a£ 

[08] 0 6 iitp u ftftmnft* * U -t ;KD(=PflPl&jE iz 
91 0 T & £ . 

.[.Hi oi lec^U^^t^^'^^^'^^^^ 



fc0@-e&£. 

[@i 7] y-h«ECJEU*#tt»«ffi©^fl:tt!fi£ 

[018] H15©B"J»©^ICJBU*h5>v?^^©« 
[01 9] ^ittWlwi^Htifctftfeffl^fc^ H 'J *y ? X 

[02 0] A^iSFttil 9ff)7h'J7^X^^I&t 

ai^(D^;jn^JEi;^T^3fe^S : &6Si^'r^Aca6^^9]0 
T * . 

[02 1] HI 9(07 h'J-^^ffl^iltt^* 

ggMey£^~r&3i0T&£>. 

[02 2] A - A 1 ttlc»t>fcWiBHtr**. 

[023] t% i &Mw&®.fc^2>tzit)<o2im3imv>®m 
[024] m i mtfcm&m.fe?ztzft<Dmmjzm<n&w 
20 [02 5] fBissjfcflftKfe^fcfcaflttifixiSio&B 

5JIJ&&0T-&*. 

[026] $ i nmm &»tfs-r *fca©»jfi:i: 

B'J^^0-C^^o 
[02 7] S 1 9fl)T h U ^^XM^IS^^m^^^ 
ij ©28 2 ^j5£#J£^L£:BrBB0T&£. 

[028] gs 2 mmm&nft-? ztitbQ&j&iimwwtm 



[01 1] gl6 iC/^l/fc^Slt^^^ '^J^^d^iHrR 

[012] let^ifc^^^^^'^^^^^^^ 

[013] H6tCiSl/fc3l»«ff^ : 6 , J-t;KOB']»^& 

[014] ^eic^t^^^^^'^^ 01 ^^ 2 ^ 

[0 1 5] *%i0jfr££^*i®^£/8v>*i£i£}£&&€ 
[016] 01 sofi'JI^m^lc^om^^^U-tr^O^ 



[0 2 9 ] 38 2 ft Slf^TS fc£©§SiB ZC <0 RIB 

5JU Br BS 0 T * * «. 

30 [030] ffi 2 s«f£-r * fc*®«is:c 

84 Br Si 0 "C & * . 

[03 1] ®2^jS6««r»f^-r*fc*©HJfiXS<0&B 
8Q W M 0 "C & * - 

[0 3 2 ] 0 1 9 0 V h U v >7 X ^^iilte^ m<£ * * 

[0 3 3] Bl 9©7MJy^^S!^fite?ifiS«ft^* 
U©{S4HSe«*wUfcHiiS"e*S. 

[0 3 4 ] |1 9©7h'J7^^§l#l^^^t^^^ 
»J<D#5Sfc«i«£3*UfcHiHi"e**. 

40 



[0 5] 



[011] 



Vi Vi v* 



( 9 ) 



<&BS ¥ 1 0 - 3 0 3 3 7 8 



[m 2 ] 



[016] 




to 



Id 



Vos ( — £ 



S 



Vc 



G.(V ft i) G.CVa) 

J_ _L 



lo 



Vos ( 




v w (v„+v«) 



im 3 i 





7 3 




( 10 ) 



1 0 - 3 0 3 3 7 



CH 8 ] 



im 9 i 





U _ M 





[010] 



[012] 




17- K / 



+Vr 



try >• 



1 3 ] 

TWIST • 1 M 
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